Type II toxin-antitoxin systems (TAs) are bicistronic operons ubiquitous in prokaryotic genomes, displaying multilevel association with cell physiology. Various possible functions have been assigned to TAs, ranging from beneficial for their hosts, such as a stress response, dormancy and protection against genomic parasites, to detrimental or useless functions, such as selfish alleles. As there is a link between several Escherichia coli features (e.g. virulence, lifestyle) and the phylogeny of this species, we hypothesized a similar association with TAs. Using PCR we studied the distribution of 15 chromosomal and plasmidic type II TA loci in 84 clinical E. coli isolates in relation to their main phylogenetic groups (A, B1, B2 and D). In addition, we performed in silico searching of these TA loci in 60 completely sequenced E. coli genomes deposited in GenBank. The highest number of TA loci per strain was observed in group A (mean 8.2, range 5-12) and the lowest in group B2 (mean 4.2, range 2-8). Moreover, significant differences in the prevalence of nine chromosomal TAs among E. coli phylogroups were noted. In conclusion, the presence of some chromosomal TAs in E. coli is phylogroup-related rather than a universal feature of the species. In addition, their limited collection in group B2 clearly distinguish it from the other E. coli phylogroups.
INTRODUCTION
Type II toxin-antitoxin systems (TAs) are small operons composed of a toxin gene and its cognate antitoxin. In general, the toxin is more stable than the antitoxin that prevents its activity, through formation of the antitoxintoxin complex. Originally, TAs were described as plasmid stabilization elements, via post-segregational killing of plasmid-free daughter cells, and hence were called 'addiction' modules (Goeders & Van Melderen, 2014) . Subsequently, various TAs were also detected on bacterial and archaeal chromosomes, and further bioinformatic analyses revealed that they are not only ubiquitous but also exist in abundance in most prokaryotes, especially free-living prokaryotes (Pandey & Gerdes, 2005) . For example, 21 and 75 type II TAs have been predicted so far in Escherichia coli K-12 and Mycobacterium tuberculosis H37Rv, respectively (Yamaguchi & Inouye, 2011; Norton & Mulvey, 2012; Sala et al., 2013) .
TAs are divided into five classes (I-V) according to their components (e.g. protein-protein, RNA-protein or RNA-RNA), genetic organization or regulation (Goeders & Van Melderen, 2014) , and overall more than 10 000 putative TAs have been identified to date (Leplae et al., 2011; Unterholzner et al., 2013) . However, TAs classified as type II, in which both the toxin and the antitoxin are small proteins, are probably the most abundant and the best studied (Leplae et al., 2011; Makarova et al., 2009; Unterholzner et al., 2013) . Recent estimation has shown that bacterial chromosomes and plasmids encode, on average, 3.8 and 0.4 type II TAs, respectively (Goeders & Van Melderen, 2014) . Numerous type II toxins are mRNA interferases (endoribonucleases), either ribosome-dependent (e.g. RelE, YoeB, YafQ, YafO) or ribosome-independent (e.g. YhaV, MazF, MqsR, ChpBK, HicA, PemK) (Yamaguchi & Inouye, 2011) . Another group of type II toxins inhibits DNA replication through interaction with DNA gyrase (e.g. CcdB, ParE), and Doc and HipA toxins act via phosphorylation of elongation factor Tu and GlutRNA-synthetase, respectively (Kaspy et al., 2013; Cruz et al., 2014) .
A growing number of studies have shown that TAs appear to be important stress-response elements in bacteria, whose role is to increase overall fitness through the induction of processes such as biofilm formation, programmed cell death or dormancy, including persister cell development (Wang & Wood, 2011) . Hence, they are very important from a medical point of view, as 65 % of nosocomial infections are biofilm-related (Olson et al., 2002) , and persister cells are responsible for drug tolerance during chronic infections (Lewis, 2010) , making them an attractive target for new antibacterial therapies (Williams & Hergenrother, 2012) . However, TAs have been also linked to numerous other activities, such as addictive genomic junk, stabilization of genomic parasites, selfish alleles and antiphage measures (Magnuson, 2007; Van Melderen, 2010 ).
E. coli plays an essential role in human health, either as a commensal or a versatile pathogen, causing both intra-and extraintestinal infections (Tenaillon et al., 2010) . To some extent these diverse behaviours are reflected in the phylogeny of the species, as E. coli strains can be divided into four main phylogenetic groups: A, B1, B2 or D (Chaudhuri & Henderson, 2012) . For instance, strains classified into the B2 and D phylogroups carry more virulence determinants than strains from the A and B1 phylogroups, and represent the ExPEC pathovar, known for extraintestinal infections. In contrast, strict enteropathogens causing acute and severe diarrhoeas, i.e. enterohaemorrhagic, enteroinvasive and enterotoxigenic E. coli pathovars, belong to groups A, B1 or D (Chaudhuri & Henderson, 2012) . Furthermore, the E. coli phylogroups also differ with regard to growth rate (Gordon & Cowling, 2003; Walk et al., 2007; Carlos et al., 2010) , genome size (Bergthorsson & Ochman, 1998) , metabolic networks (Vieira et al., 2011) and antibiotic resistance profiles (Bukh et al., 2009) . Therefore, we assumed the existence of a potential link between TAs and E. coli phylogeny, as these genetic elements are ubiquitous in E. coli genomes, and appear to be implicated in the cell physiology at various levels. To this end, we investigated the distribution of 15 type II TA loci in clinical E. coli isolates with regard to the main phylogenetic groups (A, B1, B2 and D). We supported these analyses with in silico searching of the TA loci under study in 60 completely sequenced E. coli genomes deposited in the GenBank database.
METHODS
Bacterial isolates. A total of 84 phenotypically and genotypically diverse E. coli strains, isolated from hospitalized patients in [2002] [2003] [2004] [2005] [2006] [2007] [2008] [2009] in the Department of Microbiology, Medical University of Bialystok, were examined. All isolates were identified with the API20E system (bioMérieux) and kept at 270 uC until used. The study was approved by the Bioethics Commission of the Medical University of Bialystok.
RFLP with PFGE. All strains were typed by PFGE with XbaI endonuclease according to the PulseNet protocol (Anonymous, 2013) . PFGE gels were captured on a GelDoc 2000 system (BioRad), and analysed with BioNumerics software v. 6.1 (Applied Maths). PFGE patterns were compared using the Dice coefficient and UPGMA (unweighted pair group method using arithmetic averages) clustering, with a 1 % band position tolerance window and 1 % optimization. Isolates were defined as having a clonal relationship if they possessed 85 % similarity to the PFGE patterns.
Phylogenetic group determination. Genomic DNA was isolated with a Tissue & Bacterial DNA Purification kit (EURx) and used as a template for PCRs. The phylogenetic groups of E. coli isolates were determined by amplifying fragments of the chuA (279 bp) and yjaA (211 bp) genes, and the DNA fragment TspE4.C2 (152 bp) by triplex PCR as described by Clermont et al. (2000) . Briefly, groups were assigned on the basis of different combinations of presence and/or absence of the three amplicons as follows: chuA(2)TspE4.C2(2), group A; chuA(2)TspE4.C2(+), group B1; chuA(+)yjaA(2), group D; and chuA(+)yjaA(+), group B2. The primers were also used to assign the phylogroups to 60 completely sequenced E. coli genomes from the GenBank database (Table S1) , with in silico analysis using Vector NTI v. 10 software (Life Technologies). Briefly, all E. coli genomes were deposited in the software database and screened against the primers (search option with 90 % similarity value), presumptively classified into phylogroups using the above schema and further confirmed by manual inspection of the expected sizes of the amplicons.
TA loci determination. Four multiplex PCRs were applied to detect TA loci (Table S2) . Overall, 15 TA loci were tested, including ten chromosomal (prlFyhaV, mazEF, mqsRA, chpBIK, dinJyafQ, hicAB, yafNO, relBrelE, yefMyoeB and hipAB) and five plasmidic (pemKI, ccdAB, vagCD, phd/doc and parDE) loci. PCR primers were designed to amplify segments of DNA spanning toxin and antitoxin genes using Primer3 (Rozen & Skaletsky, 1998) , based on the reference sequences from GenBank (Table S2) . PCRs were performed in 50 ml volumes containing: 16 PCR buffer, 200 mM dNTP, 2 U Taq K. Fiedoruk and others polymerase (Fermentas), primers at appropriate concentrations (Table S2 ) and 5 ml of the isolated DNA. Positive and negative controls were included. The PCR cycle conditions for all reactions were as follows: 95 uC for 5 min, followed by 30 cycles of 95 uC for 60 s, 61 uC for 60 s and 72 uC for 60 s, and a final extension at 72 uC for 5 min. Amplification was performed on a Mastercycler gradient (Eppendorf). All PCRs were done in duplicate. PCR products were visualized by electrophoresis on a 2 % agarose gel stained with ethidium bromide and documented using the GelDoc 2000 system (Bio-Rad).
In addition, BRIG software v. 0.95 (Alikhan et al., 2011) was applied to search for the TA loci under study in the 60 E. coli genomes (Table S1 ), based on the reference sequences (Table S2 ).
Statistical analysis. The two-tailed Fisher's exact test and the TukeyKramer test were used to compare differences in the prevalence of the TA loci and their mean numbers among E. coli phylogroups, respectively, and a P-value ,0.05 was considered statistically significant. All analyses were performed with Bionumerics v. 6.1 (Applied Maths) and Statistica v. 7 (StatSoft) software.
RESULTS

Occurrence of TA loci in the clinical E. coli isolates
The characteristics of the 84 E. coli strains under study are summarized in Fig. 1 . In detail, the PFGE relatedness of the isolates was lower than 84 %, except for three pairs of strains with more similar PFGE patterns (87-91 %), but clearly distinct phenotypically, e.g. in antibiotic susceptibility profiles (data not shown). The highest number of isolates, n533 (39.2 %), pertained to the B2 group, while groups A, D, and B1 consisted of 24 (28.6 %), 14 (16.7 %) and 13 (15.5 %) strains, respectively.
Generally, all but one (plasmidic parDE) of the 15 TA loci under study were detected in at least one E. coli phylogroup (Fig. 2) . The index calculated as the mean number of these loci per strain was highest in group A (8.2) and lowest in group B2 (4.2) (P50.00001), whereas in groups B1 and D it was 6.8 and 7.2, respectively (Fig. 3) . This trend was retained even after excluding the plasmidic TA loci from the calculation, as their mean count was ,1 in all groups, with the peak, 0.93, in strains of group D (Fig. 3) .
Statistically significant discrepancies in the prevalence of nine chromosomal TA loci among the E. coli phylogroups were noted, which clearly separated these groups into two clusters ( Table 1) . The A, D and B1 groups, characterized by the smallest number of differences (two or three), formed one cluster. The second cluster consisted of the B2 strains, and differed from the A, D and B1 groups by eight, seven and five TA loci, respectively (Table 1) . The general picture of the relationship between TA loci occurrence and E. coli phylogeny revealed that the B2 group, with very scant repertoire of TAs, is the most distinct, and is almost equally different from the A and D groups (Table 1) , whereas the B1 group is the closest relative of the B2 group. By contrast, the A group has the most versatile and coherent profile of chromosomal TAs, followed by the D and B1 groups, both with significantly reduced occurrence of the mqsRA locus (P50.0004 and P50.0000, respectively), and the yafNO locus in the latter group (P50.0011). TA systems in E. coli phylogroups Analysing the data with regard to chromosomal TAs, no differences among groups A, B1 and D were observed in the prevalence of four (40 %) TA loci, prlFyhaA, mazEF, dinJyafQ and relBE (Table 1) . By contrast, mqsRA was the only TA locus recorded significantly more frequently in the A phylogroup than in the remaining E. coli groups. Furthermore, chpBIK and hipAB were underrepresented in group A compared with group D (P50.0138) and group B1 (P50.0067), respectively. The hipAB locus predominated also in B2 strains than in group A (P50.0143) or group D (P50.0001), whereas the prevalence of the nine remaining chromosomal TA loci in the B2 strains was either very low or absent, as in the case of dinJyafQ. Finally, as mentioned earlier, the prevalence of the four plasmidic TA loci in all phylogroups was low (,22 %), with the exception of the ccdAB locus, which was present in 57 % of the D isolates.
Data from GenBank E. coli strains Generally, the uneven distribution of the TA loci among our E. coli phylogroups, particularly their scarcity in group B2, was confirmed by the results from in silico screening of these loci in the 60 E. coli genomes (Fig. 4 , Table S1 ). The majority of B2 strains, either our hospital isolates or from GenBank, clustered in a distinct branch on the tree, when their individual TA loci profiles were compared with the other phylogroups using the bioneighbour-joining method (Fig. 5) . However, some discrepancies were noted. For example, the hipAB locus was present in all chromosomes of E. coli classified into group A (n515) in contrast to 58.5 % of our group A isolates, which could be due to the sequence specificity of the primers. Moreover, as expected, the plasmidic TA loci were present exclusively in plasmid-carrying E. coli genomes, except a pemIK-like locus that was found in the chromosomes of E. coli LF82 and E. coli O83 : H1 strain NRG 857C (Fig. 4) . However, their mean number in group A was~11 times lower, 0.06 versus 0.71, than in the hospital isolates under study, possibly because of the presence of only two (14.3 %) plasmid-carrying strains in the former group.
Nevertheless, the data allowed us to explain, at least in theory, some of the observed differences in the prevalence of the TA loci among the E. coli phylogroups. First, we showed that the hipAB locus was disrupted by various deletions comprising 28-67 % of the locus, which affected the hipB gene only or both hipA and B genes, in 78.6 % of the E. coli chromosomes representing group D (n514) (Fig. 4) , possibly explaining its low prevalence (29 %) in our group D isolates. Similarly, a deletion of the entire hicA gene and approximately half of the hicB gene was recorded in all E. coli chromosomes belonging to group B2 (n517), and in accordance with this the prevalence of this locus in our group B2 was very low (12.1 %). In addition, we observed in 42.9 % of the GenBank group B1 strains nonsense mutations or a deletion of 22 bp resulting in premature stop codons in the hicA gene. Nonsense mutations also sporadically affected other chromosomal TA loci, including three toxin genes (yhaV, yafO and yafQ), in either group B1, A or D (Fig. 4) .
Moreover, in silico analysis revealed that all TA loci have conserved positions on the E. coli chromosome, i.e. are flanked by the same genes, regardless of the affiliation to the phylogroup (Fig. 6) . Therefore, their presence or absence on a chromosome should be perceived from a perspective of genomic insertion or deletion (indel) events, probably through a precise and elegant mechanism, as in most cases the adjacent genes were not affected (Fig. 6 ). For example, the yafNO operon is localized between DNA polymerase IV and acyltransferase genes, which overlap in E. coli chromosomes deprived of this TA locus.
Furthermore, TA loci are usually co-localized with (i) genes of various metabolic pathways, for example the Nacetylgalactosamine metabolic pathway and D-glucarate/ galactarate utilization operon (prlFyhaA), galactofuranose/ galactopyranose ABC transporter operon (chpBIK) and spermidine biosynthesis operon (hicAB), or (ii) genes related to quorum sensing, such as the lsr (autoinducer-2) operon (hipAB), (p)ppGpp synthetase (mazEF) and quorum sensing regulators QseC/QseB (mqsRA), but generally not in the proximity of mobile genetic elements, for example insertion sequences or transposons (Fig. 6) . The relBE locus is the only exception to this rule, as it is carried by the Qin prophage, which explains its unexpected absence from E. coli K-12 substrain MDS42 (no Qin prophage), among the four studied K-12 substrains (Fig. 5) . Analysing the genetic environment of the chromosomal TA loci in detail, we recognized only one gene encoding transposase (COG1943), located near the dinJyafQ and yafNO loci. Finally, we recorded a disruption of a single TA locus by insertion sequence (IS) elements only in one E. coli strain, ATCC 8738, in which the yafNO operon was disrupted by inserting IS1.
DISCUSSION
Our results suggest a potential link between chromosomal type II TAs and E. coli phylogeny, particularly their low number in group B2. However, the potential risk of underestimation of the prevalence of TA loci in the clinical E. coli isolates must be taken into consideration due to sequence variations of either toxin or antitoxin genes at primer annealing sites, and/or diverse configurations of the genes in bacterial genomes (Van Melderen & Saavedra De Bast, 2009; Leplae et al., 2011) . To date, only Norton & Mulvey (2012) have observed that uropathogenic B2 coli genome, and the order of rings/genomes in E. coli phylogroups, starting from the innermost one, was included in Table S1 . Black and white dots on a ring's edge indicate nonsense mutations and short deletions/insertions (1-9 bp in yafQ or yafO; 22 bp in hicA) resulting in premature stop codons in the TA components, respectively. An asterisk (*) on the two pemIK ring edges represents a pemIK-like locus (71 % nucleotide sequence identity with the reference plasmidic pemIK locus) located on the chromosomes of two strains, E. coli LF82 and E. coli O83 : H1 strain NRG 857C. E. coli O83 : H1 strain NRG 857C also has the pemIK locus on a plasmid (100 % nucleotide sequence identity with the reference plasmidic pemIK locus), masking the chromosomal one in the figure. The BLAST parameters used in the BRIG software were: algorithm, BLASTN; word size, 17 (tested range 7-20); evalue, 0.2 (tested range 0.1-10).
strains have a reduced repertoire of type II TAs, in comparison with K-12 E. coli strains (group A). However, the rationale behind this observation is challenging, as our knowledge of the role of TAs in bacteria, especially chromosomal TAs, is controversial (Tsilibaris et al., 2007; Van Melderen, 2010; Wang & Wood, 2011; Yamaguchi & Inouye, 2011) . Nevertheless, another feature may distinguish the B2 group from the other E. coli phylogroups, besides its ancestral position (Chaudhuri & Henderson, 2012) , unique virulence properties (Johnson et al., 2001) , distinct metabolic networks (Vieira et al., 2011) , highest genetic diversity (Tenaillon et al., 2010) , specialized host adaptation (Carlos et al., 2010) and potential subspecies status (Tenaillon et al., 2010) . Therefore, we analysed our data in this context.
As already noted, the B2 group represents the ancestral branch, and the A and B1 groups are the youngest, sister groups in the E. coli phylogeny. In contrast, group D is polyphyletic, composed of an ancestral subgroup and an additional sister branch of the A/B1 clade (Tenaillon et al., 2010) . Indeed, we showed a similar division among these phylogroups with regard to the TA loci profiles, where group A is closest to groups D and B1, and clearly stands out from the B2 group.
Regarding lifestyle and host preferences of E. coli, groups A and B1 are considered to be 'generalists', colonizing a broad host range (Gordon & Cowling, 2003; Carlos et al., 2010) . Moreover, the latter predominate among E. coli strains with the ability to survive in the environment (Walk et al., 2007) . By contrast, group B2 are more likely to be host-adapted, 'specialists' (Gordon & Cowling, 2003; Nowrouzian et al., 2005; White et al., 2011) , and at least some B2 strains appear to be regular human commensals (Clermont et al., 2008; Carlos et al., 2010) . Therefore, a larger number of TA loci in groups A and B1 may reflect their higher stress tolerance, and hence adaptation to various ecological niches (Pandey & Gerdes, 2005; Wang & Wood, 2011) . Furthermore, Hong et al. (2012) suggested a model of two interfering survival strategies in response to stressful conditions, i.e. resistance and persistence, mediated via the general stress response sigma S factor (s S , RpoS) and TAs, respectively, in which the latter can increase E. coli persistence by decreasing its ability to cope with stresses through an s S -based system.
In accordance with this, White et al. (2011) showed a correlation between E. coli phylogroups and the loss of stress resistance phenotypes, i.e. s S activity and the rdar morphotype (red, dry and rough) (White & Surette, 2006; Dong & Schellhorn, 2010) . Primarily, the authors observed a significantly lower prevalence of these two phenotypes in B2 than in B1 strains. Interestingly, our B2 isolates were virtually devoid of two known s S -repressing TAs, namely DinJYafQ and MqsRA, from which the latter also inhibits the rdar morphotype (Hu et al., 2012; Soo & Wood, 2013) . However, if any correlation exists between these two observations, it is related only to the DinJYafQ and s S pair, as only this TA locus was common (69 %) among our B1 strains. In addition, both of these TA loci were present in 62.5 % of group A isolates, but according to White et al. (2011) the prevalence of the rdar morphotype in this group was unexpectedly low, and was described as an anomaly. Note that although DinJYafQ and MqsRA appear to be redundant in inhibition of s S activity, they do utilize various mechanisms to that end (Wang & Wood, 2011; Hu et al., 2012) . Nevertheless, besides the aforementioned considerations, it remains intriguing why the mqsRA locus, encoding one of the most important TA modules in E. coli, implicated in biofilm formation, quorum sensing, persistence and global regulation (Wang & Wood, 2011) , is limited only to group A.
In contrast, hipAB was the only TA locus detected significantly more commonly in the B2 group, than in groups A or D. Originally, HipAB (High persistence) was described as a TA module associated with the increased formation of persisters under stressful conditions (Jayaraman, 2008; Wang & Wood, 2011) . However, among the TAs implicated in this process (e.g. RelBE, MazEF, ChpBIK, HicAB and DinJYafQ) (Wang & Wood 2011; Yamaguchi & Inouye, 2011) , only HipA acts without RNA degradation, via phosphorylation of GlutRNA-synthetase (Kaspy et al., 2013) . Another difference relates to a contribution of these TAs to biofilm formation. For example, Zhao et al. (2013) showed that HipAB plays a significant role in biofilm development through extracellular DNA (eDNA) release, a property not associated with MazEFor DinJYafQ-mediated cell death (Kolodkin-Gal et al., 2009). Finally, the common presence of the hipAB locus in B2 and B1 strains may be associated with auxiliary regulation of 33 diverse genes, including those associated with metabolism, transportation, transcriptional regulation and mismatch repair (Lin et al., 2013) .
Aside from a relationship with a stress response, the low variation of TA loci observed in group B2 may be considered from the perspective of the immunity-dormancy/suicide coupling hypothesis, where bacterial immune systems (e.g. CRISPRs, restriction-modification or DNA phosphorothioation modules) and cell dormancy/suicide systems (such as TAs) are functionally coupled and directly regulate each other's functions (Makarova et al., 2013) . Strikingly, B2 strains are almost devoid of CRISPRs (Touchon et al., 2011) , the prokaryotic equivalent of the adaptive immune system, protecting against bacteriophages and other mobile genetic elements. In line with this, Fitzgerald-Hughes et al. (2014) showed that none of 62 B2 strains was resistant to numerous bacteriophages, in contrast to 28.6 % (10/35) of E. coli strains from the remaining phylogroups. As our in silico analysis showed that the majority of the TA loci are localized between genes comprising the 'core' genome of E. coli, and that they are also considered to be a part of bacterial mobilome (Makarova et al., 2009 (Makarova et al., , 2013 , their diverse distribution and prevalence in the phylogroups may be the result of genomic indel events. Therefore, it is possible that some genomic elements (e.g. CRISPRs) may determine their acquisition and maintenance in E. coli genomes. Similarly, to explain an association between particular virulence factors and E. coli pathovars, Escobar-Páramo et al. (2004) proposed the existence inside the E. coli genome of two types of genomic backgrounds, i.e. an 'ancestral' and a 'derived' one. Interestingly, the CRISPR2 element, which is localized relatively close to the mazEF locus, is absent or shorter in the E. coli chromosomes devoid of this TA locus.
Finally, the degradation of some TA loci is a possible explanation for the observed differences in their prevalence among the phylogroups. In detail, the hipAB locus Fig. 6 . Genetic environment of the chromosomal TA loci (a, mazEF; b, prfLyhA; c, hipAB; d, hicAB; e, dinJyafQ and yafNO; f, mqsRA; g, chpBIK; h, yefMyoeB) in E. coli K-12 substrain MG1655 in relation to their counterparts deprived of these loci in other E. coli strains.
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was disrupted by deletions in 73 % of group D strains from GenBank, particularly the O157 : H7 serotype. In addition, it is possible that this event took place after the differentiation of O157 : H7 from its precursor serotype, O55 : H7 (Chaudhuri & Henderson, 2012) , as this locus is complete in the latter. Moreover, all B2 strains are characterized by the same deletion in the hicAB locus, and identical point mutations disrupted the hicA gene in strains representing the O104 : H4 serotype (group B1). Thus, inactivation of these TA loci appears to be correlated with discrete moments in E. coli evolution. Similarly, an important change in the E. coli genome was proposed to rationalize the fact that enterohaemorrhagic, enteroinvasive and enterotoxigenic pathovars are limited to phylogroups that originated after the differentiation of group D (Escobar-Páramo et al., 2004) . Such degradation of chromosomal TAs may be discussed from the perspective of their anti-addiction function against plasmidic TAs, i.e. neutralization of a plasmid-encoded toxin to prevent the death of plasmid-free cells (Saavedra De Bast et al., 2008; Rankin et al., 2012) . Therefore, various chromosomal TAs may be the result of a specific arms race with their plasmid-encoded counterparts. However, when plasmidic TA systems 'escape' from this control (Saavedra De Bast et al., 2008; Mine et al., 2009; Rankin et al., 2012) , the latter may undergo progressive degeneration and eventually disappear, unless they become incorporated into the cell's physiological processes, such as programmed cell death or persistence (Mine et al., 2009 ).
In conclusion, we have shown that the distribution and prevalence of chromosomal TA loci is not uniform among E. coli phylogroups, despite their fixed locations between genes that are part of the E. coli 'core' genome. Notably, there is a clear distinction between the B2 group and remaining phylogroups, underlining its unique position in the E. coli phylogeny.
